The distribution of epiphytic bryophyte and lichen species growing on aspen in the middle boreal forests was studied in southern Karelia (Russia). These forests varied in time-since-disturbance from 80 to 450 years. (2007) were found. Relationships between epiphytic lichen and bryophyte species richness and certain environmental variables (at different trunk heights above ground and time-since-disturbance) were evaluated. Lichens and mosses on aspen trunks often occupy different ecological niches. Cover and diversity of bryophytes was high on trunk bases, while the number of lichen species and their cover were higher at a height of 1.3 m above ground level. The total number of lichen species on aspen increased on average from 40 to 60 species per ha with increasing time-since-disturbance from 100 to 450 years. A stabilization in lichen species number was observed at about 200 years since disturbance. No significant correlation was determined between bryophyte diversity on aspens and the time-since-disturbance.
INTRODUCTION
Epiphytic lichens and bryophytes are important components of many forest ecosystems. They exhibit high species diversity, form conspicuous biomass and play a significant ecological role in boreal ecosystems (Esseen et al., 1996; Glime, 2007) . In addition, lichen epiphytes are useful indicators of forest health because they are sensitive to forest management practices and serve as indicators of air quality (Lesica et al., 1991; Richardson, 1992; McCune, 2000) . According to literature, the most important factors influencing epiphytic bryophyte and lichen distribution are forest stand age (Fritz et al., 2008; Mežaka et al., 2010) , host tree (Lõhmus et al., 2007; Mežaka et al., 2008; Strazdina, 2010) , tree age (Barkman, 1958; Hedenås & Eriksson, 2000; Ojala et al., 2000) and microclimate (John & Dale, 1995) .
Aspen (Populus tremula L.) is a common deciduous tree species in the middle and south boreal taiga, which can form secondary forests (pure aspen stands and mixed aspen-spruce stands). Aspen also occurs in mesic stands in Diversity and distribution of epiphytic lichens and bryophytes on aspen (Populus tremula) in the middle boreal forests of Republic of Karelia (Russia) Viktoria N. Tarasova   1 old-growth spruce forests by renewal in canopy gaps due to natural gap dynamics (Kuusinen, 1994; Hazell et al., 1998) . It reproduces mainly vegetatively by root suckers. Mature aspen trees (their trunks and roots) are frequently attacked by several pathogenic fungi, for example by Phellinus tremulae (Bondartsev) Bondartsev & P. N. Borisov (Kuusinen, 1994) . In spite of this, Populus trees often reach an age of 200 years in Scandinavian forests (Kuusinen, 1994) . Aspen trees in suitable habitats usually grow very quickly, and may reach large proportions -tree height up to 40 m, diameter at breast height (DBN) up to 1 m -even when relatively young (Abaimov, 2009) . Angles between branches and trunk of aspen are sharp (acute), therefore most rain water intercepted by the crown flows down the tree trunks. High values of tree height, crown length and radius increase stemflow, which in aspen can reach 9% of the total precipitation in the community (Molchanov, 1961) . In addition, the aspen tree usually does not shed its bark. Aspen has a rather nutrient-rich bark with a relatively high pH (5-7) and moisture capacity (Barkman, 1958; Gustafsson & Eriksson, 1995) . Therefore, aspen provides an important substrate for many epiphytes (Kuusinen, 1994; Gustafsson & Eriksson, 1995) , including lichens, bryophytes and liverworts.
Epiphyte diversity on Populus tremula in boreal forests in Europe has been intensively studied (Shubina et al., 1996; Uliczka & Angelstam, 1999; Lõhmus, 2003) . Many researches focused on studying aspen as an important component in preserving biodiversity in boreal forests, because large numbers of specialist species are entirely dependent on this species (Kuusinen & Siitonen, 1998; Pykälä et al., 2006) . There were the studies on cyanolichens and lichens associated with Lobaria pulmonaria (L.) Hoffm. on aspen, which is the one of main host trees for these lichens in boreal forests in Europe (Gauslaa, 1995; Kuusinen, 1996; Gjerde et al., 2012) . However, the epiphytic lichen and bryophyte diversity of aspen in northwest Russia is still poorly studied (Pystina & Hermansson, 1996; Mikhailova et al., 2005) . The main aim of the current research was to inventory the lichen and bryophyte diversity associated with aspen trees in the middle boreal forests of Republic of Karelia.
MATERIALS AND METHODS

Study areas
Study was carried out during summer 2014 and 2015 in mesic, middle boreal forests in the southern part of the Republic of Karelia, Russia. The climate is predominantly temperate and intermediate ranging from oceanic to continental and characterized by having relatively mild, long winters and cool, short summers. The mean annual temperature is +3°C and the mean annual precipitation is 450-750 mm (Nazarova, 2003) . The area is flat, varying not more than 100 m in elevation. Low humic podzolic soils predominate in not waterlogged habitats (Morozova, 1991) . Forests cover more than 54% of the Karelian territory. Pine communities predominate (64% of the forested area), while spruce communities occupy 25% of the area (Volkov, 2008) . Over the past 80 years, the area of small-leaved secondary forests in Karelia has tripled due to intensive forest management and now they occupy 11% of the forested territory. Aspen stands occupy 4.2% of the forested territory in the middle taiga (Volkov, 2008) .
Research was carried out in four study areas: the Karelian part of the Vodlozero National Park, Kivach Strict Nature Reserve, Kizhi Sanctuary and Petrozavodsk City (Fig. 1) . In each territory, permanent sample plots of one ha (100 × 100 m) were established in communities at different successional stages, belonging to the same ecological-dynamic series. These communities represent the process of restoration of climax spruce forest of Vaccinium myrtillus -green mosses type, occupying plains on loamy moraine, without stagnant moisture. In general, spruce forests after fire or clear cuttings regenerate through different early serial stages, usually involving birch or aspen (Kazimirov, 1971; Dyrenkov, 1984) , with aspen on richer soils and birch on poorer ones (Ipatov, 1960; Degteva et al., 2001) . In this study, the successional dynamics of spruce forests at different successional stages varying in time-since-disturbance from 80 to 450 years is considered (Table 1) . Based on literature data of successions in the mid-taiga spruce forests (Kazimirov, 1971; Dyrenkov, 1984) , all studied communities correspond to four groups according to different stages of the ecological-dynamic series: (Table 1) . In each study area, forests communities from the first three stages of succession were represented, while all successional stages of spruce forest were studied in the Vodlozero National Park only. The main characteristics of the studied forest communities on 24 sample plots are given in Table 1 .
Data collection
To estimate time-since-disturbance in the studied communities, the population structure of each tree stand (mainly spruce trees) was evaluated following Stavrova et al. (2016) . This method is described in detail in Ignatenko & Tarasova (2017) . Eight aspen trees were randomly chosen within each sample plot to assess epiphytic biodiversity (lichens, lichenicolous and non-lichenized fungi, mosses and liverworts). Species diversity and cover of lichens, mosses and liverworts were estimated by means of a 25 × 25 cm frame at the northern, southern, eastern and western sides of a trunk at the base and breast height (at 1.3 m from base). In addition, species diversity was recorded on branches of recently fallen aspen trees within each sample plot. In total, 1535 descriptions of the epiphytic cover were made on 192 aspen trees from 24 sample plots (Vodlozero National Park -7 sample plots, Kizhi Sanctuary -6, Kivach Strict Nature Reserve -8, Petrozavodsk City -3). 
List of localities
The following study areas were investigated: KvR -Kivach Strict Nature Reserve (10,450 ha), Kondopoga District, 62˚20'N, 34˚00'E, biogeographical province Karelia onegensis (Kon); Ptz -Petrozavodsk City (11300 ha), Prionezhsky District, 61˚50'N, 34˚20'E, biogeographical provinces Karelia onegensis and Karelia olonetsensis (Kol); VNP -Karelian part of the Vodlozero National Park (130,600 ha), Pudozh district, 62˚30'N, 36˚55'E, biogeographical province Karelia transonegensis (Kton); KzR -Kizhi Sanctuary (50,000 ha), Medvezh'egorsk District, Zaonezhsky Peninsula, 62˚12'N, 35˚14'E, biogeographical province Karelia onegensis.
THE SPECIES
Taxa are arranged in alphabetical order; nomenclature of lichens, lichenicolous and non-lichenized fungi follows mainly Nordin et al. (2011) , nomenclature of liverworts mainly Söderström et al. (2016) with some updates from other literature (Konstantinova et al., 2009) , and nomenclature of mosses -Hill et al. (2006) . (Fadeeva et al., 2014) , is not established due to old toponyms.
a. Lichens, lichenicolous and non-lichenized fungi
2; VNP: 4. This species was recently found in Karelia in provinces Kon and Kton (Tarasova & Stepanchikova, 2016 (Ihlen et al., 2004) . The species was only known from Norway, Sweden and the USA (Alaska) (Ihlen et al., 2004) , in Russia -from Leningrad region (Stepanchikova et al., 2013 (Nordin et al., 2011) . In Russia, the species was previously known from Mur-mansk region (Urbanavichus et al., 2008) , Leningrad region (Kuznetsova et al., 2007) and Kaliningrad region (Dedkov et al., 2007) . Distribution in Fennoscandia: Norway, Sweden, Finland (Nordin et al., 2011 (Velmala et al., 2014) . The species was known in Karelia from historical (XIX century) and present collections from Petrozavodsk only (Kon, Kol) (Tarasova et al., 2013 (Tarasova et al., , 2015 (Tarasova & Stepanchikova, 2016; Tarasova et al., 2016a) . ochrolechiA mAhluensis Räsänen -KvR: 1; Ptz:
3. Ptz! The specimens contain gyrophoric and lecanoric acids. The species was only known in Karelia fromVodlozero National Park (Kton) (Kukwa, 2011) and Kivach Strict Nature Reserve (Kon) (Tarasova et al., 2016b) . ochrolechiA pAllescens (L.) A. Massal. -KvR, KzR, VNP: 1-4. KzR! opegrAphA niveoAtrA (Borrer) J. R. Laundon -KzR: 2, 3. Kon! KzR! The species was reported from Karelia without exact locality (Kopaczevskaja et al., 1977 (Fadeeva et al., 2007) and Kon provinces (Tarasova et al., 2016a (Hermansson et al., 2002) and Petrozavodsk (Kol) (Tarasova et al., 2016a 
Lichen diversity
Species composition of lichen communities growing on aspen trees is traditionally highly diverse (Kuusinen, 1994; Pystina & Hermansson, 1996; Ohlson et al., 1997) . Study of lichens growing on aspen has greatly expanded our understanding of the biota and their distribution in the study area. Three recorded species -Arthonia biatoricola, A. excipienda, and Biatoridium mon asteriense -are new for the Republic of Karelia. Seven species are new for the biogeographical province Karelia olonetsensis; 17 -for Karelia onegensis and 39 -for Karelia transonegensis. Some lichen species were found in the studied areas for the first time: two species in Petrozavodsk City, 31 -in the Kivach Strict Nature Reserve, 45 -in the Kizhi Sanctuary and 51 -in the Vodlozero National Park.
Eighteen indicator species of old-growth boreal forests were recorded (Andersson et al., 2009 Crustose lichens dominated on aspen trees (105 species), contributing 59% of the total number of lichen species. Forty-five foliose (25%) and 28 fruticose (16%) lichen species were recorded on aspen trees. The epiphytic cover of aspen was dominated by true epiphytes -147 species (83%). There were also 17 muscicolous (10%) species, the remaining 7% being represented by lignicolous (6 species), multi-substrate (5 species) and terricolous (3 species) lichens.
Bryophyte diversity
Populus tremula is characterized by supporting the highest number of epiphytic bryophyte species in Nordic countries (Hazell et al., 1998; Snäll et al., 2004) and Latvia (Mežaka et al., 2008 (Mežaka et al., , 2010 were found for the first time in the Vodlozero National Park. In the present study, Lejeunea cavifolia was registered for the third time in Karelia. This species was collected in mixed aspen-spruce forest in the Kizhi Sanctuary. Lejeunea cavifolia is a nemoral liverwort with a predominantly circumpolar distribution, rather frequent in Russia (Konstantinova et al., 2009 ).
Previously, Lejeunea cavifolia was recorded in the Republic of Karelia from Karelia ladogensis (Arnell, 1956) and Paanajarvi National Park (Auer, 1944) .
Eight indicators of old-growth and virgin boreal forests (Andersson et al., 2009) (Borovichev, 2011) . In our research, most moss species belonged to wefts life form (16 species), tall turfs (4) and short turfs (3). Among the liverworts collected on aspen, the most common types of growth forms were interbryophytes (10 species) and mats (6). The greatest number of species generate several life forms adapted to different microhabitat conditions (Mägdefrau, 1982; Andrejeva, 1990; Borovichev, 2011) . Amongst bryophytes recorded on aspen all substrate groups of mosses can be foundepiphytic (5), epixylic (3), epigeic (6), epilytic (4), multisubstrate (14) species. The highest number of aspen liverworts was found at the base of trees represented by multisubstrate species (9); only three species were generally epiphytes (or rare epixyles).
The influence of habitat on the cryptogamic communities associated with aspen
The study has revealed differences in the species composition of epiphytes on aspen trunks and branches due to distinct differences in habitat conditions within a single tree. Thus, the species composition of lichens living in the lower part of the trunk and on branches (in the crown) varied significantly: 161 species were registered on the trunk, and 64 -on branches. Unlike lichens, mosses in the aspen crown were almost absent, except for the Orthotrichum species (O. speciosum and O. obtusifolium).
The epiphytic cover was also quite heterogeneous in the lower part of the trunk (0-2 m). At the base of aspen trees (0-25 cm), cryptogamic cover was better developed: the mean total coverage was over 70%, with mosses accounting for more than 84% of the coverage and lichens for only 16% ( At the height of 1.3 m above ground level, the average overall coverage is significantly lower (on average, only 38%), with lichens contributing 61% and mosses and liverworts -39% (Table  2 ). The occurrence of true epiphytes (Lejeunea cavifolia, Neckera pennata, Orthotrichum obtusi folium, O. speciosum and Radula complanata) was maximum at levels higher than 1.3 m on the tree trunk. At a height of 1.3 m above ground level, the humidity might be lower than at the base of the trunk, therefore the competition between mosses and lichens may decrease and consequently the diversity and coverage of lichens increase. Lichen diversity depended on the time-sincedisturbance of the community (Fig. 2) . The total number of lichens on aspen increased on average from 40 to 60 species per ha with the increase of the time since disturbance from 100 to 450 years ( Fig. 2.1 ). Stabilization is observed at about 200 years since disturbance (Fig. 2.1 ).
In the earlier successional stages, at 80 years since disturbance, the total lichen species diversity on aspen is richer by 10-20 species as compared with that at 100-160 years since disturbance. Perhaps this might be due to changesfrom smooth to rough aspen bark, as well as to changes in light and moisture conditions as the proportion of spruce increases in the stand and the epiphyte community of young aspen trees changes into the epiphyte community of middleaged trees. No significant correlation between bryophyte diversity on aspens and the time-since-disturbance was found in our study ( Fig. 2.2, 2. 3).
Fig. 2.
The number of lichens, lichenicolous, non-lichenized fungi (1), liverwort (2) and moss (3) species on aspen per 1 ha in middle boreal forests at different time-since-disturbance (southern Karelia). The study areas are marked by the following figures: ▲ -Petrozavodsk City, n -Kizhi Sanctuary, l -Vodlozero National Park, u -Kivach Strict Nature Reserve. P -value of regression coefficient (R) is less than the significance level, such as 0.001 (***).
This result is in accordance with previous research (Mežaka & Znotiņa, 2006; Mežaka et al., 2012; Putna & Mežaka, 2014) . This might arise, however, by the low number of mosses and liverworts in sample plots characterized by relatively short time after disturbance (80-100 years). Most species of aspen bryophytes were found in communities at later successional stages. The species Abietinella abietina, Bryum moravicum, Dicranum montanum and Pseudoleskeella tec torum were only found in young forests with a time from disturbance of 80-110 years. These species are not strictly epiphytes and grow often on other substrates (Ignatov & Ignatova, 2003 . At the same time, species that are used as indicators of old-growth boreal forests, such as Homalia trichomanoides, Neckera pennata and Orthotrichum obtusifolium, were found only in communities with time after disturbance of more than 110 years.
Six liverworts -Blepharostoma trichophyllum, Lophocolea heterophylla, Lophozia guttulata, Lophoziopsis longidens, Ptilidium pulcherrimum and Radula complanata were recorded at earlier stages of succession (80-110 years). In oldgrowth forest, six liverworts were found tooLiochlaena lanceolata, Lophocolea heterophylla, Lophozia guttulata, Plagiochila porelloides, Ptilidium pulcherrimum and Radula complanata.
Aspen in southern Karelia is characterized by having a high diversity of epiphytes and plays a significant role in maintaining the diversity and conservation of rare species, especially lichens. Higher humidity could create optimal conditions for the development of bryophyte cover on the aspen trunks. Therefore, lichens and mosses on the trunks of aspen often occupy different ecological niches.
